Introduction
An experiment was conducted to examine the effects of immersion on a spatial updating task in a virtual panoramic environment (VPE). A virtual panorama, such as Google Streetview, is an environment that is comprised of 3D (spherical) images taken at regular intervals in a real world setting. Participants in this experiment navigated the National Mall area of Washington DC in Google Streetview using either a keyboard and mouse or a head-mounted display (HMD) with a head orientation tracker.
Method
A total of 27 participants were tested between conditions. Of those with no prior exposure to the Washington DC environment, 10 participants were tested in the HMD condition and 7 in the Desktop condition. The average age of participants in the HMD condition was 25.1, while the average age of participants in the Desktop condition was 26. Participants included 5 females and 5 males in the HMD condition, and 4 females and 3 males in the Desktop condition. Figure 1 depicts the apparatus used. The HMD condition used an eMagin Z800 HMD and Wiimote to navigate Google Streetview. The Desktop condition used a 17 inch monitor and mouse to navigate. Participants were teleported to adjacent panoramas in their gaze directions using a button press on a Wiimote (HMD condition) or by clicking on the mouse (Desktop condition). In an exploration phase, participants were asked to navigate and observe landmarks. Then, in a testing phase, participants were asked to rotate their view in order to look in the direction of the perceived landmarks. The angular difference bewere recorded.
Results
Circular statistics were computed for each condition. The given ____________________ E-mail: {pnapier, blissw, jbertra, lindsal, sbabu, cpagano, tdavis2}@clemson.edu or mean pointing direction for each landmark were placed in a linear regression against the actual landmark angle, designated by (see figure  2 ). The intercepts for the HMD and Desktop conditions were -56.34 and -43.90, with slopes of 1.18 and 1.25. The average angle judgments ction term gave an r 2 = .95 (n = 10), partial F of 0.1869 (p = 0.6713) for interaction. These results seem to indicate that any difference between conditions was purely by chance. A one-way ANOVA on the sum of the presence scores was performed between conditions. The mean and standard deviation of the HMD and Desktop conditions were 23.00 and 7.07, and 20.46 and 6.89, respectively. While presence scores were, overall, higher in the HMD condition, this difference was not significant (p = 0.3836). To determine whether the number of 90º turns made since viewing the landmark had an effect on performance, a one-way ANO-VA was performed with categories of 1 to 5 turns. A post hoc Tukey HSD test showed a strong difference between 2 and 5 turns (p = 0.0071), as well as a trend between 2 and 3 turns (p = 0.0638). 
